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Modeling and Testing 


The primary research efforts focused on characterizing and modeling static failure, 
environmental durability, and creep-rupture behavior of two classes of ceramic matrix 
composites (CMC), silicon carbide fibers in a silicon carbide matrix (SiC/SiC) and 
carbon fibers in a silicon carbide matrix (C/SiC). 


An engineering life prediction model (Probabilistic Residual Strength model) has been 
developed specifically for CMCs. The model uses residual strength as the damage metric 
for evaluating remaining life and is posed probabilistically in order to account for the 
stochastic nature of the material’s response. In support of the modeling effort, extensive 
testing of C/SiC in partial pressures of oxygen has been performed. This includes creep 
testing, tensile testing, half life and residual tensile strength testing. C/SiC is proposed 
for airframe and propulsion applications in advanced reusable launch vehicles. Figures 1 
and 2 illustrate the models predictive capabilities as well as the manner in which 
experimental tests are being selected in such a manner as to ensure sufficient data is 
available to aid in model validation. 


Experimental observations (see 8 

Figure 3) have shown the degradation § 

of strength of C/SiC in an oxidizing | 

environment to be a function of time o 

at 1200 °C and to be dependent upon ° 

both time and applied stress at an = 

intermediate temperature of 800 °C. -g 
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Additional recent tests have tL 

investigated the effects of various 
“enhancements” touted by the 
material manufacturer. Results 
include creep rapture data for 
C/Enhanced SiC with an external 
CBS (carbon-boron-silicon) coating. 



Rg.l : Residual strength of C/SiC after 15 
hrs, 30 ksi, 1200 °C, 1000 ppm 0 2 exposure. 



which were obtained at 800 and 1200 
°C. The “enhancement” in this 1 

material is boron carbide, which is § 
put in the composite matrix in order £ 0 8 
to protect the carbon fibers from « Q6 
oxidation. The external CBS coating ° 

was applied as an attempt to provide J, o.4 
additional environmental durability § 

for the C/SiC material. Tests were -g 0.2 
conducted using a stress of 30 ksi, £ 
and in an environment of 1000 ppm 0 
Oil Ax. The CBS coated C/Enhanced 
SiC had a life at 1200 °C of 350 Time to Failure [hours] 

hours, which is 7X longer than the 

life of the uncoated C/Enhanced SiC. Rg> 2: Time to failure of C/SiC after 1 5 hrs, 

However, at 800 °C, the average life ksi, ^00 °c, 1000 ppm 02 exposure, 

of the CBS coated C/Enhanced SiC 

was 13.7 hours, which is 12% of the average life of the same material without the CBS 
coating (1 1 3.2 hours). The standard C/SiC, which has neither matrix enhancement nor an 
external coating, had an average life at 800 °C which was 5X longer than the CBS-coated 
C/Enhanced SiC material. 



Also, a multitude of tests, both creep 
and tensile, have been performed on 
SiC/SiC in air. This testing supports 
development of SiC/SiC for turbine 
engine combustor liners. SiC/SiC 
combustor liners have been 
fabricated and engine-tested for land- 
based turbine engines and similar 
activities are in progress for aircraft 
turbine engines. Exploratory Creep 
rupture tests in air were also carried 
out for SiC/SiC to evaluate 
composite life with both the baseline 
boron nitride (BN) and silicon-doped 
BN interphases. The silicon dopant 
was introduced to act as an oxygen 
getter to improve oxidation 
resistance. Two levels of Si doping 
were evaluated. 
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Rg. 3: Results of C/SiC strength 
measurements made in 1000 ppm 0 2 
environment. Interrupted tests initially held at 
30 ksi for time shown. 


Analysis 





Finite element analysis of CMC structures has also been carried out under this co- 
operative agreement. 


As part of a CMC vane 
development effort in 
NASA Glenn’s UEET 
Program, CMC vanes 
are currently being 
tested in the High 
Pressure Burner Rig 
Facility located at 
Glenn. The vane test 
conditions have been 
modeled and thermal 
and structural analyses 
have been performed. 
Figure 4 illustrates 
thermal results for a 
CMC vane with trailing 
edge cooling. Trailing 
edge cooling holes are a 
recent addition to the 
prototype vanes as well 
as the analysis. 



Figure 4 Finite element analysis results for temperature profile on CMC 
tested in NASA Glenn’s High Pressure Burner Rig. 


Under the NGLT effort for the X-37 vehicle, hybrid panels comprised of a CMC face 
sheet bonded to a high temperature foam core were investigated for leading edge 
applications. Analyses were performed to evaluate residual stresses present due to 
processing issues related to CTE mismatch between candidate materials. 


Summary 

All information (experimental data, theoretical models, analytical results) has been 
delivered to the NASA technical monitor through one of the publications or presentations 
listed below, or through daily informal interaction. 
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